Nine fresh-frozen, human cadaveric shoulders were elevated in the scapular plane in two different humeral rotations by applying forces along action lines of rotator cuff and deltoid muscles. Stereophotogrammetry determined possible regions of subacromial contact using a proximity criterion; radiographs measured acromiohumeral interval and position of greater tuberosity. Con 
). An eye screw was fixed to the coracoid at the origin of the anterior deltoid at the clavicle. Eye screws were also placed in the lateral acromial edge and the scapular spine to establish the line of action of the middle and posterior deltoid muscles, respectively. Flexible cables were attached to the humeral cortical bolts and threaded through their corresponding eye screws to simulate the force acting on each of the three deltoid heads (Fig. 1) 
Stereophotogrammetry
Stereophotogrammetry is defined as the science of obtaining precise dimensional measurements of an object using mathematical computations through the process of recording, measuring, and interpreting pairs of photographic images. A mathematical model is then constructed to represent relations between points in three-dimensional space and their corresponding two-dimensional images on the photographs. This procedure might be thought of as analogous to the process by which the human brain processes two images, one from each eye, to obtain depth perception. Stereophotogrammetry is used for many applications. One common method of mapping the surface contour of the earth uses photographs of an area taken with a precision camera mounted on an airplane flying over the region of interest. In the current study, this procedure is applied to the determination of contact areas in the subacromial space, as will be described below.
The stereophotogrammetric method was used to determine the subacromial contact areas .38,39 To do this, a semicircular set of seven precision optical alignment targets was rigidly fixed to the proximal humerus, and another set fixed to the acromion using threaded Steinmann pins and polymethylmethacrylate. Each instrumented shoulder specimen was then placed within a custom-built calibration frame, and a stereogram (pair of convergent photographs) was taken of the two sets of targets using a largeformat camera at each shoulder position of the experiment (Fig. 2) .
Each shoulder specimen was disarticulated after testing through the full range of motion as described above. Subsequently, each portion of the dissected joint was placed within the calibration cage, and a fine optical grid was projected onto the articular surface to provide recognizable surface points for digitization. Similar (Fig. 3) . The digitized stereophotogrammetric surfaces are then curve-fitted with bicubic patches to create a continuous three-dimensional computer graphics representation of each joint surface (Fig. 4) A, after the whole-joint model is tested in multiple positions, the joint is disarticulated, and the three-dimensional geometry of the surface of the rotator cuff and proximal humerus, and the relationship of these structures to the affixed targets, are determined using stereophotogrammetry (SPG) analysis (arrow). B, the three-dimensional geometry of the acromion and its relationship to the affixed target are similarly determined. precision caliper. Distances were measured from the midpoint of the anterior acromion (located between its lateral edge and the acromioclavicular joint, at the level of the inferior cortex) to the point directly below on the proximal humerus (Fig. 5) . A second measurement was taken from the midpoint of the anterior acromion to the crest of the greater tuberosity.
RESULTS
Relative position of the undersurface of the acromion and of the proximal humerus was determined using stereophotogrammetry for each shoulder at all positions tested. Results were highly dependent on the degree of arm elevation (Table 1) tuberosity to pass more posteriorly (Fig. 10) . This suggests that in some cases the two-dimensional AP radiographs may appear to demonstrate the tuberosity directly beneath the anterior acromion, when in fact it is more posterior and not in proximity. 
